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NON-FiNAL OFFICE ACTION 

1 . This application has been assigned to Technology Center 1 700, Art Unit 1 723 
and the following will apply for this application: 

Please direct all written correspondence with the correct application serial 
number for this application to Art Unit 1723. 

Telephone inquiries regarding this application should be directed to the 
Electronic Business Center (EBC) at http://www.uspto.gov/ebc/index.html or 1-866-217- 
91 97 or to the Examiner at (571 ) 272-1 1 39. All official facsimiles should be transmitted 
to the centralized fax receiving number 571-273-8300. 

Information Disclosure Statement 

2. Note the attached PTO-1449 form submitted with the Information Disclosure 
Statement filed 1 9 FEB 2004. - 

Drawings 

3. Applicant should verify that (1 ) all reference characters in the drawings are 
described in the detailed description portion of the specification and (2) all reference 
characters mentioned in the specification are included in the appropriate drawing 
Figure(s) as required by 37 CFR 1 .84(p)(5). 

4. The drawings are objected to because suitable descriptive and concise legends 
should be provided to label the depicted elements of the invention such as the 



Application/Control Number: 10/780,719 Page 3 

Art Unit: 1723 

turbidimeter 24, controller 26, and valve 16 for understanding of the drawings (37 CFR 
1 .84(0)). Se cited US 5,951 ,161 to Blagg for a suggested labeling format. 

INFORMATION ON HOW TO EFFECT DRAWING CHANGES 
Replacement Drawing Sheets 

Drawing changes must be made by presenting replacement figures which incorporate 
the desired changes and which comply with 37 CFR 1 .84. An explanation of the 
changes made must be presented either in the drawing amendments, or remarks, 
section of the amendment. Any replacement drawing sheet must be identified in the top 
margin as "Replacement Sheet" (37 CFR 1.121 (d)) and include all of the figures 
appearing on the immediate prior version of the sheet, even though only one figure may 
be amended. The figure or figure number of the amended drawing(s) must not be 
labeled as "amended." If the changes to the drawing figure(s) are not accepted by the 
examiner, applicant will be notified of any required corrective action in the next Office 
action. No further drawing submission will be required, unless applicant is notified. 

Identifying indicia, if provided, should include the title of the invention, inventor's name, 
and application number, or docket number (if any) if an application number has not 
been assigned to the application. If this information is provided, it must be placed on the 
front of each sheet and centered within the top margin. 

Annotated Drawing Sheets 

A marked-up copy of any amended drawing figure, including annotations indicating the 
changes made, may be submitted or required by the examiner. The annotated drawing 
sheets must be clearly labeled as "Annotated Marked-up Drawings" and accompany the 
replacement sheets. 

Timing of Corrections 

Applicant is required to submit acceptable corrected drawings within the time period set 
in the Office action. See 37 CFR 1 .85(a). Failure to take corrective action within the set 
period will result in ABANDONMENT of the application. 

If corrected drawings are required in a Notice of Allowability (PTOL-37), the new 
drawings MUST be filed within the THREE MONTH shortened statutory period set for 
reply in the "Notice of Allowability." Extensions of time may NOT be obtained under the 
provisions of 37 CFR 1 .136 for filing the corrected drawings after the mailing of a Notice 
of Allowability. 
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Specification 

5. The specification has not been checked to the extent necessary to determine the 
presence of all possible minor errors. Applicant's cooperation is requested in correcting 
any errors of which applicant may become aware in the specification. 

6. The abstract is acceptable. 

7. The title is acceptable. 

Claim Rejections - 35 USC § 102 

8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described In (1 ) an application for patent, published under section 122(b), by | 

another filed in the United States before the invention by the applicant for patent or (2) a patent 

granted on an application for patent by another filed in the United States before the invention by the 

applicant for patent, except that an international application filed under the treaty defined in section 

351 (a) shall have the effects for purposes of this subsection of an application filed in the United States 

only if the International application designated the United States and was published under Article 21(2) 

of such treaty In the English language. 

9. Claim 6 is rejected under 35 U.S.C. 102(e) as being anticipated by McDowell 
(US 6,869,534 B2). 

The patent to l\/1cDowell discloses a container 1 for receiving for receiving solid 
material and liquid; means 73 for measuring the turbidity of the liquid in the container 1 ; 
means 41 , 64 for stirring the liquid in the container 1 until the turbidity thereof, as 
measured by the turbidimeter, reaches a predetermined level. 

More specifically, the patent to McDowell discloses an aerobic digester for 
organic material comprising a vessel, a tube, and a liquid conveyer. The vessel Is 
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suitable for containing a liquid comprising the organic material. The vessel has an 
interior comprising i) an upper portion, ii) a lower portion and iii) a lower interior surface. 
The tube has a distal end disposed in the lower portion of the interior of the vessel, an 
opening in a wall of the tube for permitting liquid- and air-flow between an exterior and 
an interior of the tube, and at least one discharge port disposed in the distal end. The 
liquid conveyor is connected in fluid communication with the interior of the tube for 
inducing flow of the liquid along the tube in the direction of the distal end. The liquid 
conveyor induces entrainment of air drawn into the tube through the opening into the 
liquid drawn into the tube through the opening to form a liquid-air mixture and expulsion 
of the liquid-air mixture from the tube through the at least one discharge port into the 
lower portion of the vessel. The liquid-air mixture expelled from the tube into the lower 
portion of the vessel thereby causes liquid contained in the vessel to be mixed and 
aerated. Organic material in the vessel is digested. 

The liquid conveyor can be at least partially disposed within the tube. In one 
embodiment, the liquid conveyor comprises a motor having a shaft rotatably connected 
thereto. The shaft has an impeller attached thereto, and the impeller is disposed within 
the tube at a level below the lowermost level of the opening. The tube may comprise 
two or more openings spaced along the length of the tube, and the liquid conveyor may 
comprise two or more impellers, each of the impellers being disposed below a different 
opening. If the tube is provided with multiple openings, air will typically enter through the 
upper opening or a portion thereof while liquid will enter the tube through the lower 
openings in the tube. Air may be supplied to the upper portion of the vessel by a fan. 
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In a specific embodiment of tine digester described herein, the tube comprises an 
upper opening, an intermediate opening distally disposed along the length of the tube 
below the upper opening, and a lower opening distally disposed along the length of the 
tube below the intermediate opening. The liquid conveyor comprises an upper impeller 
disposed below the intermediate opening, but above the lower opening, and a lower 
impeller disposed below the lower opening. 

The tube can have one or more internal baffles, extending along at least a 
portion of a length of the tube, for the purpose of reducing liquid flow in directions not 
parallel with a longitudinal axis of the tube. The baffle(s) can, for example, extend along 
the tube above the uppermost impeller, between two impellers, below the lowermost 
impeller, or some combination thereof. The tube is preferably oriented substantially 
vertically, with its distal end downward. In some embodiments, the tube has a 
substantially constant diameter and a substantially circular cross-section along its entire 
length. The tube can be fixed to or supported by the lower interior surface of the vessel, 
for example by way of extensions from the distal end of the tube to the lower interior 
surface. 

The digester can further comprise a liquid inlet (e.g., one in fluid communication 
with a solids discharge outlet of a wastewater primary clarifying apparatus) for providing 
undigested liquid sludges to the interior of the vessel. The liquid inlet preferably 
discharges Into the lower portion of the interior of the vessel. 

The digester can also comprise a liquid outlet for discharging liquid continuously 
from the interior of the vessel. This liquid outlet can, for example, be in fluid 



Application/Control Number: 10/780,719 Page 7 

Art Unit: 1723 

communication with an decant weir having an opening disposed at or near the upper 
surface of the liquid in the vessel, for withdrawing liquid from at or near the upper 
surface of the liquid and delivering the withdrawn liquid to the liquid outlet. The decant 
weir can be fixed in the interior of the vessel, whereby the decant weir maintains a 
maximum liquid depth in the vessel. Alternatively, the decant weir can be vertically 
movably disposed in the interior of the vessel with respect to the lower surface of the 
vessel so that various liquid depths may be maintained within the vessel. One or more 
baffles can be interposed between the distal end of the tube and the liquid outlet, in 
order to inhibit withdrawal from the vessel of solids suspended in the liquid by creating a 
quiescent zone for solids settlement and return of the solids to the aerated mixed zone. 
A suspended solids sensor (e.g., a turbiditv or viscositv sensor) can be in sensorv 
communication with liquid in the liquid outlet, the liquid within the vessel or the liquid 
within the decanter and an alamri can be connected in siqnalinq communication with the 
sensor, to indicate when the level of suspended solids in such liquid exceeds a selected 
value. Furthermore, the vessel can have a solids disposal outlet in fluid communication 
with a flow regulator (e.g., a valve or pump) that is in fluid communication with the lower 
portion of the interior of the vessel and in signaling communication with the sensor. The 
flow regulator permits withdrawal of liquid and residual sludqe from the vessel bv way of 
the solids disposal outlet when the level of suspended solids in liquid in the liquid outlet 
exceeds a selected value. 

The digester can comprise a solids disposal outlet in fluid communication with 
the lower portion of the interior of the vessel. The outlet can also be in fluid 
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communication with a sludge liolding tank for storing withdrawn liquid, or a solids filter 
for separating liquid withdrawn from the vessel into filtered solids and solids filtrate 
fractions. In this latter embodiment, the filter can comprise a return line for returning the 
solids filtrate to a biological reactor. 

The invention also relates to a wastewater treatment system comprising a 
primary clarifier for removing bulk solids froni a wastewater stream, the primary clarifier 
being upstream from a biological reactor for degrading an organic material in the 
stream, the reactor being upstream from a secondary clarifier for removing solids from 
the post-reactor waste stream, and the digester described herein in fluid communication 
with a solids discharge outlet of one or both of the primary clarifier and the secondary 
clarifier. The system can have.a single pump that selectably connects the primary 
clarifier, the biological reactor, the secondary clarifier and the digester by way of 
multiple fluid circuits. 

The method may comprise the step of operating the liquid conveyor for a 
predetermined period. The method may still further comprise the step of discontinuing 
operation of the liquid conveyor to allow gravity sedimentation of solids in the 
wastewater for a predetermined period. The method may still yet further comprise the 
step of testing the clarity of the liquid in the vessel at a predetermined position within the 
vessel. Based on the measured clarity, the method may further include the step of 
withdrawing liquid from a lower portion of the vessel if the clarity is below a 
predetermined level or the step of withdrawing liquid from an upper portion of the vessel 
if the clarity is above a predetermined level. 
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The method may further comprise the step of withdrawing liquid from an upper 
portion of the interior of the vessel, whereby the withdrawn liquid comprises a lower 
level of organic material than the wastewater. The method may further comprise the 
step of re-circulating the liquid in the digester for a selected period, thereafter not re- 
circulating the liquid in the vessel for a selected period thus creating a clarified liquid at 
the top of the vessel, and thereafter displacing the clear top liquid from the vessel by 
pumping fresh undigested wastes from a sludge source into the lower portion of the 
vessel. The method may further comprise a step of monitoring a level of the liquid within 
the vessel and maintaining the level substantially constant by controlling the supply of 
wastewater and withdrawal of liquid from either or both of the upper portion through a 
decanter or the lower portions of the vessel as thickened digested sludge. The method 
may further comprise a step of monitoring the level of organic material contained in 
liquid withdrawn from the upper portion of the vessel, and controlling supply of 
wastewater, operation of the liquid conveyor and withdrawal of liquid from the vessel to 
maintain a desired level of organic material in the vessel. 

With reference to the figures, the invention relates to an improved aerobic 
wastewater digester and methods of operating it. Prior aerobic wastewater digesters 
have the drawbacks that they often yield residual sludge that is relatively non- 
concentrated and much less thoroughly digested than is theoretically possible. As a 
result, prior aerobic digesters yielded relatively large amounts of relatively poorly 
concentrated sludge, resulting in larger sludge disposal costs than can be obtained 
using the digesters disclosed herein. As described herein, the improved sludge digester 
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can more thoroughly degrade wastewater sludge and concentrate it to a greater degree 
than previous aerobic sludge digesters, thereby reducing the costs associated with 
disposal of the sludge and potentially rendering it more amenable for post-digestion 
sludge processing. In addition, the aerobic sludge digester disclosed herein can be 
operated under a wider range of conditions than other digesters, including under low or 
intermittent wastewater-flow conditions. As a result, the digesters described herein can 
potentially be used in situations in which prior aerobic sludge digesters might be 
impractical or non-economical. 

With particular reference to FIG. 1 , the sludge digester 100 comprises a vessel 1, 
a tube 21 and a liquid conveyor 41 . The vessel 1 has an interior which may be divided 
into an upper portion 5 and a lower portion 7. The vessel 1 is designed to contain 
wastewater liquid 2 having microbially-degradable, dissolved or suspended organic 
material therein. Air is provided to a space 3 within the vessel 1 and above the liquid 2. 
The vessel 1 further includes a lower interior surface 9. The vessel 1 includes a liquid 
inlet 13 preferably disposed in the lower portion 7, a liquid outlet 15 preferably disposed 
in the upper portion 5 and a solids disposal outlet 61 preferably disposed in the lower 
portion 7. Feed wastewater 1 15 is provided to the vessel 1 by the liquid inlet 13. Make- 
up air 1 16 is provided to the vessel 1 by an air inlet 25 disposed in the head space 3 
while carbon dioxide and other expended gases 1 17 are vented from the vessel 1 
through a vent 32 disposed in the head space 3. The liquid outlet 15 may be connected 
to a flow control device, for example a decant weir 16 and a motorized valve 33, The 
decant weir 16 can be fixed to operate at a single fixed level, or alternatively can be 
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manually or automatically adjustable in height. A baffle 1 7 may be provided to minimize 
the passage of digested solids within the liquid 2 over the decant weir 16 and into the 
liquid outlet 15. Solids so collected by the baffle 17 would exit the baffle 17 through an 
opening 18. Solids passing though the opening 18 are re-entrained in the liquid 2. 

A tube 21 is disposed within the vessel 1 such that a distal end 23 of the tube 21 
is in the lower portion 7 of the vessel 1 . The tube 21 is provided with at least a first 
opening 26 preferably located such that at least a portion of the opening 26 is disposed 
within the space 3 during operation of the digester 100. Additional openings, for 
example a second opening 27 and a third opening 28 may be provided. Flow 
straightening baffles 29 may be provided along an interior of the tube 21. The tube 21 is 
further provided with at least one discharge port 31 disposed near the distal end 23. 

The liquid conveyor 41 comprises an elongated shaft 47. At least a first impeller 
43 Is rigidly attached to the shaft 47. Additional impellers, such as second impeller 44 
illustrated, may be provided. Preferably, each impeller 43, 44 is located proximate an 
opening, for example second and third openings 27 and 28, as illustrated in FIG. 1. The 
shaft 47 is driven to rotate by a motor 45 and a gearbox 46. A detailed description of the 
motor, gearbox and drive shaft arrangement is not required, being conventional and 
from this disclosure being obvious to one of ordinary skill in the art. A distal end of the 
shaft 47 is supported by a support 1 1 . The support 1 1 is a conventional bearing or 
bushing shaft end support. 
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In the embodiment illustrated in FIG. 1, the sludge digester 100 is further 
provided with a controller 64. described in greater detail later herein. The controller 64 
receives input signals 68. 77 and 74 from suspended solids sensors 63 and 73 and 
liguid level sensors 72, respectivelv. The controller 64 provides control signals 70, 79, 
76 and 66 to flow regulating elements 67 and 33. liguid convevor drive motor 45 and an 
alarm 65, respectivelv. 

in operation of the sludge digester 100, the feed wastewater 115 is supplied to 
the vessel 1 via the liquid inlet 13. A flow regulation device, for example a manual or 
automatic valve (not shown) may be included in the conduit (not shown) supplying the 
feed wastewater 115, the flow regulation device (not shown) operating to select the 
source of feed water 1 1 5, the duration of feed wastewater 1 1 5 flow and/or the timing of 
feed wastewater flow 115 relative to the operation of the liquid conveyor 41 . The liquid 
conveyor 41 may be operated to rotate the first and second impellers 43, 44 to draw air 
and liquid 2 into the tube 21 through the first opening 26 and liquid into the tube 21 
through the second and third openings 27, 28 and to expel aerated liquid out of the tube 
through the discharge port 31 . As the liquid 2 moves into and out of the tube 21 , the 
liquid conveyor 41 preferably both agitates and aerates the liquid 2 in the vessel 1 . 
Rotation of the shaft 47 induces producfion of liquid vortices within the tube 21 at the 
liquid/air interface therein and the vortices cause entrainment of air from the head space 
3 into the liquid 2 in the tube 21 forming a liquid-air mixture, with the result that when the 
liquid-air mixture is expelled from the distal end 23 of the tube 21 into the lower portion 
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7 of the vessel 1 through the discharge port 31, the liquid in the vessel 1 is agitated and 
aerated. 

Agitation of the liquid 2 in the vessel 1 improves contact between 
microorganisms and organic material in the liquid, thereby improving the ability of the 
microorganisms to degrade the organic material. The amount of oxygen that 
microorganisms in an aerobic digester are able to extract from the digester medium is 
often a limiting factor in the rate and completeness of the degradation of organic 
material in the digester. Aeration of liquid in the vessel 1 improves oxygen supply to the 
microorganisms, and thereby improves the rate and degree of completeness of organic 
material degradation. Improved agitation and aeration provided by the digester 
described herein can thereby decrease the time required for degradation of a selected 
amount of sludge from a wastewater stream, increase the amount of sludge that is 
digested, and reduce the amount of residual sludge produced by the digester, relative to 
prior aerobic digester units. 

In one embodiment of the digester 100, the decant weir 16 floats on the surface 
of the liquid 2. In this embodiment, the decant weir 16 is operational over a range of 
liquid levels. The tube 21 may be provided with a plurality of openings arranged such 
that there is an opening at any given level within a range of liquid levels, allowing the 
digester 100 to be operational over a range of liquid levels. In a second embodiment of 
the digester 100, the level of the decant weir 16 is fixed, and the digester 100 is 
intended to operate at a generally fixed liouid level and also while it is in the process of 
filling, wherein the liguid convevor41 operates continuouslv until the level sensor 72 

\ 

■ 1 
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detects that the filling process is complete and signals 74 the controller 64 to begin a 
second operating cycle. Then the liquid conveyor 41 is operated for a preset time for 
mixing and aeration of liquid 2 and then is switched off for a preset time before the feed 
wastewater 1 15 is introduced through wastewater inlet 61 to displace clarified liquid 2 
from the vessel 1 through the decant weir 16, outlet 15 and valve 33. The valve 33 is 
opened only if solids sensor 73 indicates that upper level 5 of liquid 2 is relatively free of 
solids. If the liquid 2 at the upper level 5 of the vessel 1 is not clarified as indicated by 
the sensor 73, the valve 33 will not open, nor will any feed wastewater 1 15 be allowed 
to flow through the inlet 13 into the vessel 1 . A high solids signal 77 from the sensor 73 
will likewise send a signal 66 to the alarm device 65 to warn the operator to remove 
solids from the vessel 1 through the outlet 61 or similarly will signal the control device 
67 to remove liquid 105 containing a high level of solids to a storage facility (not shown) 
or solids processing unit (not shown). The control device 64 may also be programmed 
to send a signal 66 to the alarm device 65 to warn the operator to take action in 
removing digested liquids from vessel 1 manually and to restart the liquid conveyor 41 
to continue mixing and aeration of the liquid 2 until the operator takes appropriate 
action. 

With particular reference now to FIG. 2, a method of using the sludge digester 
100 is illustrated. The method comprises a first step 130 of providing feed wastewater 
containing organic material to the sludge digester 100 described herein on an 
intermittent basis as the wastewater or sludge is available for disposal from primarv and 
or secondary clarifiers in the wastewater treatment svstem. In a second step 132, 
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operation of the liquid conveyor is initiated as the digester vessel is filling, thereby 
beginning the sludge digestion process for the first time or as a new batch after disposal 
of a previous mass of digested sludge. Flow of the wastewater 1 1 5 is terminated when 
the sensor 72 indicates the vessel 1 is full. In a third step 134. a timed cycle is initiated 
in which the liouid conveyor 41 is operated continuously for a prescribed period of time, 
e.g. 10 hours for each of two cycles per day (i.e., the digestion cycles). In a fourth step 
136. the liguid conveyor is stopped for a period, e.g. 2 hours, at the end of each 
digestion cycle, to allow gravity sedimentation of the solids in the digester (i.e.. the 
sedimentation cycles). In a fifth step 138. the solids content of the liquid in the gravity 
clarified upper layer 5 or in the decanter is checked by the sensor 73 and a signal 77 is 
sent to the controller 64. being in communication with the sensor 73. The controller 64 
elects either step 140 or step 142 as the next process. In a sixth step 140 an alarm 
signal 66 is generated to alert the operator to remove concentrated digested solids, or a 
signal 70 is generated to initiate automatic removal of concentrated digested solids by 
way of the outlet 61 . Additional signals (not illustrated) are sent to the flow regulating 
device (not shown) in the wastewater 1 15 feed line, and further flow of the wastewater 
115 to the digester is precluded. Operation of the liquid conveyor 41 may also be re- 
started by the controller 64 via a motor control signal 76 to continue digestion until the 
operator takes action by removing the liguid 105 via the outlet 61 by manual or 
automatic operation of the flow regulating device 67. If the sensor 73 indicates clear 
liguid or low solids, a seventh step 142 is initiated wherein fresh wastewater 1 15 is 
supplied to the inlet 13 and flow regulating device 33 is operated so that the low 
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turbulence flow of the wastewater 115 into the full vessel 1 displaces the clear liquid 2 
through the decanter 1 6 into the outlet 1 5 and out of the digester 1 GO. When the flow of 
the wastewater 1 15 is terminated or if the sensor 73 signals high solids content, 
terminating flow of wastewater 115, the liouid conveyer 41 is re-started (step 134) and 
the digestion sedimentation cycle is repeated. The sixth and seventh steps 140. 142 are 
preferably performed in the alternative, and the third through seventh steps 134 through 
142 are preferably performed on an on-going basis. 

With reference now to FIG. 3, the sludge digester 100 may be incorporated into a 
multi-component wastewater treatment system, such-as the system schematically 
illustrated in FIG. 3. Feed wastewater is provided from a source 101 to a primary 
clarifier 102, thence to a biological reactor 120, thence to a secondary clarifier 103, and 
thence to a sterilizer 104. Solids, or a liquid-solids slurry can be withdrawn from either or 
both of the primary clarifier 102 and the secondary clarifier 103 and provided to the 
digester 100 described herein for digestion and concentration of sludge. Residual 
sludge 105 can be stored, for example, in a sludge holding tank 107 either until the tank 
107 is full or until a selected sludge disposal time. In this embodiment, any clarified 
liquid in the tank 107 can be returned to the biological reactor 120 at the time of 
disposal via a holding tank return line 108. Residual sludge 105 from the digester 100 
may also be fed to a solids filter 109, The filter 109 separates filtered solids 1 13 from 
liquid in which the solids were suspended. The filtrate can be fed to a biological reactor 
120 by way of a solids filtrate return line 111, and the filtered solids 113 can be stored or 
dried further prior to disposal. 
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With reference now to FIGS. 4A. 4B and 4C. it is contemplated that multiple 
digesters 100 can be used in series or in parallel in a variety of configurations. FIG. 4A 
illustrates a first stage digester 100' in series with a second stage digester 100" in series 
with a third stage digester 100"'. FIG. 4B illustrates a single first stage digester 100' in 
series with a plurality of second stage digesters 100"a, 100"b and 100"n, where 100"n 
represents an arbitrary unit, all of the second stage digesters being connected in 
parallel with one another. FIG. 4C illustrates a plurality of first stage digesters 100'a, 
100'b, 100'n connected in. parallel with one another and further connected in series with 
a single second stage digester 100". From this disclosure the artisan would recognize 
that the digester 100 may be combined in an endless variety of multi-stage series 
and/or parallelconfigurations. 

Further details regarding the sludge digester 100 are described herein below. It 
should also be noted that the methods described herein can be applied by making 
relatively simple modifications to existing aerobic or anaerobic digester units. By way of 
example, a tube 21 and associated liquid conveyor 41 can be added to an existing 
digester (e.g., in place of present stirring or aeration apparatus) in order to improve its 
performance. 

The vessel of the digester described herein can be substantially the same as the 
vessel of any known aerobic or anaerobic digester. The vessel functions to contain the 
wastewater containing the organic material to be digested. The vessel can be designed, 
using a variety of known methods, to maximize circulation of liquid driven by liquid flow 
through the tube. For example, the lower interior surface of the vessel can be rounded 
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(e.g., hemispherically or parabolically) in order to discourage accumulation of non-fully- 
digested sludge in portions of the vessel. Part of the vessel (i.e., the lower portion or the 
lower interior surface) can be adapted to ease collection or disposal of solids from the 
liquid in the vessel, although this region can simply be a lower (i.e., not specially 
adapted) region of the vessel. The digester vessel can include a mechanical rake to 
physically urge settled solids toward one or more parts of the vessel. The rake can have 
one or more flexible blades attached thereto, and the blades can physically scrape a 
portion of the interior surface of the vessel in order to dislodge therefrom any solids that 
may have adhered to that surface. Containers suitable for use as digester vessels are 
available from numerous commercial sources, and substantially any commercially 
available digester vessel can be modified to perform as described herein. 

The material(s) from which the vessel of the digester is constructed is not critical. 
The ordinary engineer will understand that the material should be selected such that it 
exhibits sufficient strength to economically contain the wastewater to be treated in the 
system and that the corrosion resistance of the material should be selected to yield a 
practical lifetime for the digester, in view of the wastewater to be fed to the digester. 
Typical materials used to make digester vessels include plastics, concrete, stainless 
steel, and less corrosion-resistant materials (e.g., steel or aluminum) that are coated, at 
least on their interior surfaces, with a corrosion-resistant material (e.g., plastic, rubber, 
bitumastics, or glass). 

The shape of the vessel is likewise not critical. In an embodiment illustrated in 
vertical cross-section in FIG. 1 , the vessel 1 is cylindrical, but other shapes can be 
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used. Although fabrication of cyNndrical vessels can be simpler than fabrication of 
vessels having other shapes, vessels having rounded (i.e., corner-less) shapes can 
help to prevent sludge accumulation in the bottom of the tank, thereby potentially 
reducing the energy that must be provided in order to thoroughly mix the liquid in the 
vessel. Non-cylindrical vessels and vessels having flat, cun/ed, or othen/vise-shaped 
bottoms can be used. For example, the vessel can have the shape of an elongated 
cube (i.e., one cross-section is rectangular). In the event a single tube is not sufficient to 
agitate, aerate, or both, the liquid in every portion of a vessel (e.g., an elongated 
vessel), more than one tube can be used, the tubes disposed at different locations in 
the vessel. In another embodiment, the vessel is a plastic cylinder with a parabolic, 
hemispheric, or conical bottom. The curved or conical bottom helps to concentrate 
settled solids in a compact region near the bottom of the vessel, to facilitate removal of 
the solids from the vessel. 

The volume of the vessel is not critical. However, the volume of liquid which the 
vessel is capable of containing and the rate at which liquid is removed from the vessel 
should be selected so that the residence time of the vessel is sufficiently long to permit 
the desired degree of degradation and concentration of the solids (as assessed by 
concentration of mass or volume of the solids) to be achieved. The residence time (i.e., 
the working volume of the vessel divided by the rate at which fluid is withdrawn from the 
vessel) can be altered by altering the volume of liquid in the vessel, such as by selecting 
an appropriate volume when the digester is being designed, by altering the fluid depth in 
the vessel (e.g., using an adjustable discharge weir), or by occluding some volume in 
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the vessel (e.g., by inflating a bladder within the vessel). The residence time can also be 
altered by altering the rate of withdrawal of fluid from the vessel. The range of suitable 
residence time values will generally depend on the source, type, and concentration of 
organic material being digested, the characteristics of microorganisms in the sludge, the 
degree of oxygenation provided by the digester, the BOD strength of the sludge, 
operating characteristics of the digester, and other factors. These factors can be 
determined experimentally in a straightfonA^ard manner (e.g., using a bench- or pilot 
plant-scale model of the digester), and the range of suitable residence times thereby 
established. By way of example, the residence time can be as short as several hours for 
easily-digested substrates (e.g., simple sugars such as glucose or sucrose) or several 
days or weeks or longer for difficult-to-digest products (e.g., wood chips, vegetable 
matter, proteinaceous matter, animal fats and greases, and semi-soluble organic 
materials, whether naturally-occurring or man-made). 

The vessel can have internal baffles therein for various purposes. In one 
embodiment, the internal baffles of the vessel shield a portion of the vessel interior from 
the kinetic mixing effects exerted upon the liquid in the vessel by the liquid conveyor. 
Liquid in this portion is relatively still, and solid particles can settle from the liquid; also, 
the bafne(s) can prevent entrained air from entering the portion, thereby inhibiting 
upwelling of fluid and suspended solids induced by rising air bubbles. The decant weir 
or liquid outlet can be disposed in this portion, and the baffles can reduce or minimize 
passage of solids from the interior of the vessel to the liquid effluent from the digester. 
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Internal baffles in the vessel can also be used to direct or affect fluid mixing in the 
vessel. For example, baffles placed substantially to obstruct or interrupt fluid circulation 
in the vessel can enhance the turbulence with which the liquid is mixed, enhancing 
contact between the liquid and suspended or entrained solids and gases. Alternatively, 
the baffles can extend generally vertically within the vessel (e.g., axially-extending 
baffles in a cylindrical vessel) in order to maximize fluid circulation effected by the liquid 
conveyor. By way of example, a cylindrical vessel can have axially-extending baffles 
extending inwardly from the vessel walls toward (or completely to) the exterior of the 
tube, axially-extending baffles extending outwardly from the tube toward (or completely 
to) the walls of the vessel, or baffles extending helically about the axis of the vessel. 

A tube having an opening at or near a proximal end thereof is disposed in the 
interior of the vessel so that the distal portion of the tube is in the lower portion of the 
interior of the vessel. The manner in which the tube and the vessel are maintained in 
their relative positions is not critical, and can be temporary or more permanent (e.g., a 
vessel having a tube mechanically attached thereto, either directly or by way of one or 
more connectors). 

The vessel can have an apparatus resting on or connected to the bottom of the 
vessel for supporting the weight of the tube, holding the tube in place, or both. The 
apparatus can be integral with the distal end of the tube, integral with the lower interior 
surface of the vessel, attached to the distal end of the tube, attached to the lower 
interior surface of the vessel, in non-attached contact with the distal end of the tube, in 
non-attached contact with the lower interior surface of the vessel, or some combination 
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of these. For example, the tube can have extensions at its distal end that are welded, 
glued, or screwed to the lower interior surface of the vessel or interlocked therewith. 
Alternatively, the tube can be suspended in the vessel without an apparatus connecting 
the tube and the lower surface of the vessel. Regardless of how the tube and the vessel 
are maintained in their relative positions, it is important that liquid is able to pass out of 
the distal end of the tube into the lower portion of the interior of the vessel, so that the 
liquid expelled from the tube (together with any entrained or suspended solids or gases) 
can mix with liquid in the vessel. 

The dimensions of the tube are not critical, except that the cross-sectional area 
of the tube should permit passage of a sufficient volume of liquid through the tube using 
a liquid conveyor of reasonable power that expulsion of the liquid from the tube can 
effect significant mixing of the liquid in the vessel. Selection of tube cross-sectional 
dimensions and liquid conveyor type and power are typical design details that can be 
made by an ordinary worker with little or no experimentation. For example, for a 
cylindrical tube disposed coaxially within a cylindrical vessel, the diameter of the vessel 
will generally be from about times to about 5 times the diameter of the tube. 

The cross-sectional shape of the tube need not be circular if means of conveying 
liquid down the tube other than a rotating impeller are used,, nor need it necessarily 
have the same type of cross-sectional shape as the vessel (e.g., a tube having a 
circular cross-section can be used in a vessel having a square cross-section). 

When a single tube is disposed in the vessel, it is preferably disposed at or 
toward the center of the vessel (viewed from above). When multiple tubes are disposed 
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in a single vessel, they can be adjacent one another, closely spaced, evenly spaced 
within the vessel, or placed at opposite ends of the vessel, for exannple. 

Each tube is preferably disposed substantially vertically within the vessel (i.e., so 
that the center of gravity of the tube is above the distal end thereof). However, the tubes 
can be disposed in an inclined position (e.g., inclined 15, 30, 45, or 60 degrees from 
vertical). 

The depth to which the tube is disposed in the vessel is likewise not critical. 
Generally, the distal end of the tube should be in the lower half of the liquid within the 
vessel (except during start-up or restart after digested sludge withdrawal for processing 
and disposal, when the liquid volume can be abnormally low), and preferably within the 
lower quarter of the liquid in the vessel. Greater spacing between the distal end of the 
tube and the lower interior surface of the vessel can facilitate greater fluid flow 
therebetween, improving aeration and mixing of the liquid In the vessel. Lesser spacing 
between the distal end of the tube and the lower interior surface of the vessel can 
facilitate a faster fluid velocity therebetween, improving suspension of settled solid 
materials on the lower interior surface of the vessel. Selection of spacing between the 
distal end of the tube and the lower interior surface of the vessel is a routine design 
choice that can be made based on the nature of the anticipated contents of the vessel, 
the cost of powering the liquid conveyor, and other ordinary design factors. By way of 
example, when a cylindrical tube having an open distal end and a diameter of about 40 
inches is maintained in the lower portion of a cylindrical vessel having a diameter of 
about 12 feet, then the spacing between the tube and the lower interior surface of the 
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vessel is in the range from about 2 inches (i.e.. 1/20 the diameter of the tube) to about 
15 inches (i.e., 3/8 the diameter of the tube), with a preferred distance of about 1/10 the 
diameter of the tube (i.e., about 4 inches, for this example). When the tube wall extends 
to the floor of the vessel (e.g.. to physically support the tube and the liquid conveyer), 
openings can be disposed around the circumference of the tube, at or near its distal 
end. The height of the openings will generally be taller than the distances mentioned in 
the previous sentences, so that approximately the same area between the tube and the 
lower interior surface of the vessel is open for fluid flow between the tube and the 
vessel. 

It is important is that the number, size, position, and orientation of the tubes be 
selected in order to effect at least substantial mixing of the liquid in the vessel, and 
preferably to effect thorough mixing of the liquid. These parameters should be selected 
to minimize 'dead zones' in which little fluid circulation occurs in the vessel. In one 
embodiment, a portion of the digester is isolated (e.g., a "wedge" of a cylindrical tank in 
which a column of liquid is isolated by baffles except at the top and bottom) so that 
relatively little fluid circulation occurs in that portion and solids in that portion settle. By 
way of example, such an isolated portion might permit solids to settle from the liquid in 
the vessel prior to being withdrawn by way of a decant weir. Isolated portions of the 
vessel can also provide a portion with reduced oxygen content, in which fermentative 
degradative processes can complement aerobic digestive processes that occur In other 
portions of the vessel. 
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Fluid circulation in the vessel can be described in terms of a turnover time, which 
is equal to the total volume of liquid in the vessel divided by volumetric flow rate of liquid 
through the tube. Desirable turnover time values will vary with the composition of the 
wastewater being treated, the microbial population of thie digester, the rate of air 
entrainment, and other operating parameters. Examples of desirable turnover time 
values for a municipal wastewater treatment process can be in the range of about 1 to 
about 5 minutes. 

The tube has one or more openings in its wall, at least one opening being located 
at a position along the axis of the tube such that liquid in the vessel is able to flow 
through the opening from the exterior of the tube to the interior of the tube. The 
openings permit fluid circulation within the vessel from the exterior of the tube, into and 
toward the distal end of the tube, and out the distal end of the tube back to the exterior 
thereof. 

The number, size, and shape of the openings in the tube are not critical. 
However, the area of the openings should permit the desired fluid flow through the tube 
at a reasonable power load on the liquid conveyor and with sufficient flow restriction to 
create the desired air entrainment vortices inside the tube. Openings will often be 
arranged circumferentially about the tube at an axial position corresponding to an 
impeller of the liquid conveyor, so that liquid will flow through each of the circumferential 
openings when the liquid level in the vessel reaches a selected level. When the digester 
is designed for use at varying liquid levels in the vessel, the tube preferably has several 
openings disposed along the length of its axis, so that fluid flow into the tube from its 
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exterior is facilitated when fluid in the vessel reaches selected levels. The openings can 
be round, rectangular, oval, or irregularly-shaped holes in the tube, the precise shape 
not being critical. When the openings are arranged circumferentially at an axial position 
on the tube, a single opening should comprise about 10% to about 20% of the 
circumference at that axial position. When multiple (e.g., five) openings are present at 
the same axial position on the tube, the openings preferably still should comprise about 
1 0% to about 20% of the circumference of the tube at that axial position in order to 
create the desired entrainment vortices at reasonable power levels. 

When the openings are axially spaced on the tube, it is preferable to stagger 
them circumferentially for structural and good flow distribution reasons, but they can be 
axially situated at the same circumferential position along the tube (e.g., above one 
another when the tube is maintained vertically) without significantly affecting fluid flow 
and-aeration. That is, the openings can all have the same circumferential position (i.e., 
all on the same "side" of the tube), helically-spaced positions, or random positions. 

The tube can have pivoting, rotating, deforming, or other apparatus that cover 
part or all of individual openings, in order to inhibit or prevent liquid flow from the interior 
of the tube to the exterior thereof, while permitting in-flow of liquid to the interior of the 
tube. Similarly, the tube can have baffles positioned above, around, or near individual 
openings, for directing liquid flow from above the opening toward the center of the tube 
and reducing outflow of liquid in the tube outwardly through the opening or through an 
opening below or adjacent to the opening. 
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In prior art sludge digesters, foam, scum, or both, often accumulate at the top of 
the liquid in the digester and interfere with its operation. One advantage of the digester 
disclosed herein is that any foam or scum that forms at the top of the liquid in the vessel 
can be drawn into the tube and dissolved or suspended in the liquid. When the level of 
liquid that will be maintained in the vessel is known, the tube preferably has an opening 
situated axially at a position that allows flow of liquid (and foam or scum) from liquid 
surface in the vessel into the interior of the tube. Alternatively, the proximal end of the 
tube can be situated at or below the anticipated liquid level in order to permit overflow of 
liquid, foam, and scum into the tube at its proximal end. When the level of liquid that will 
occur in the vessel is not known, the tube preferably has multiple openings situated 
axially thereon, so that liquid, foam, and scum can flow through one or more openings 
into the interior of the tube at any of several liquid levels. 

The distal end of the tube is at least partially open (at least when the liquid 
conveyor is operating), so that liquid driven by the liquid conveyor can pass from the 
interior of the tube to its exterior at or near its distal end. In a preferred embodiment, the 
tube is substantially completely open at its distal end (e.g., a cylindrical pipe that is open 
at its distal end). In another embodiment, the tube is an open cylinder that is connected 
to the lower interior surface of the vessel by way of extensions from the tube to the 
surface (or from the surface to the tube), wherein the extensions do not occlude more 
than about 40% to about 60% of the circumferential area between the distal end of the 
tube and the vessel surface. 
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The cross-sectional dimensions of the tube need not be constant along its length, 
although a substantially constant cross-section can simplify its fabrication. The tube can 
have one or more narrowed portions, such as at or near the air-liquid interface for 
improving entrainment of air into the liquid. In one embodiment, the tube has a 
narrowed cross section at its distal end (or is tapered along its entire length, the 
narrowest portion being at the distal end), so that liquid displaced through the tube exits 
the distal end at a linear velocity greater than its linear velocity at higher points in the 
tube. This can enhance mixing and entrainment of solids that have settled on the floor 
of the digester. 

The tube can have one or more baffles in the interior thereof. These baffles, 
when present, should extend axially along the length of the tube for at least a short 
distance (e.g., between the axial positions of two openings). In one embodiment, one or 
more baffles extend vertically from above the maximum liquid level (or maximum 
anticipated liquid level) to a position just above the uppemiost liquid conveyer. In 
another embodiment, one or more baffles extend from just below the lowermost liquid 
conveyer to or about to the distal end of the tube. The baffle(s) within the tube serve to 
reduce non-axial flow within the tube. 

As with the vessel, the exact materials and methods used to fabricate the tube 
are not critical. The materials should be selected so that the tube will economically 
exhibit sufficient strength, resilience, and corrosion resistance that it will have a 
reasonable useful life (e.g., preferably many years under the anticipated operating 
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conditions). Plastics, metals, fiberglass, and laminate materials are among the materials 
from which the tube can be suitably fabricated. 

. The liquid conveyor serves to displace liquid along the tube toward its distal end, 
thereby providing the power input that drives fluid circulation in the digester vessel. The 
size, type, power, and means of connection of the liquid conveyor are not critical, so 
long as it is able to perform this function. The capacity of the liquid conveyor should be 
selected such that it can deliver the flow corresponding to a selected turnover time 
under the conditions of the hydraulic head anticipated in the vessel. 

Numerous types of pumps and other liquid displacing devices are known, and 
substantially any of these can be used as the liquid conveyor in the digester described 
herein, at least with suitable fittings. The liquid conveyor should be adapted to the tube 
so that the liquid conveyor draws liquid from within the tube at a location that is at or 
below the level (i.e., the level along the axis of the tube) of at least one opening in the 
tube. The liquid conveyor should discharge liquid below the level of at least one opening 
in the tube, and preferably at a level below (i.e., more distal with respect to) every 
opening in the tube. Thus adapted to the tube, the liquid conveyor will expel liquid from 
the distal end of the tube, cause liquid in the vessel to circulate between the distal end 
of the tube and at least one opening thereof, and draw liquid and air in through one or 
more openings of the tube. 

One of the simpler liquid conveyors that is suitable for use in the digester 
described herein is a rotating shaft disposed within the tube. The shaft has at least one 
impeller (e.g., a propeller-shaped impeller) attached thereto, so that the impeller drives 
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fluid flow toward the distal end of the tube when the shaft rotates. The impeller should 
be located at or, preferably, below the axial (with regard to the axis of the tube) position 
of at least one opening in the tube. In one embodiment, an impeller is located at or near 
the air-liquid interface in the tube and serves to enhance entrainment of air into the 
liquid. The shaft can have multiple impellers attached thereto. Some or all of the 
impellers can be positioned axially so that they are at or below the (tube) axial position 
of corresponding openings. Some impellers can also be positioned within the tube such 
that they are not especially near any opening, but instead serve to drive liquid axially 
within the tube towards its distal end. 

The liquid conveyor can also be another type of pump, such as a centrifugal 
pump. By way of example, the centrifugal pump can be mounted within the tube in such 
a way that it draws liquid from the interior of the tube at a level at or below the level of a 
opening and discharges the liquid below the level of the opening, thereby effecting 
distally-directed axial fluid flow in the tube. Alternatively, a centrifugal pump can be 
physically mounted outside the tube and connected to the interior of the tube by 
conduits. The conduit connected to the pump inlet should draw liquid from within the 
tube at a level at or below the level of an opening, and the conduit connected to the 
pump outlet should discharge the liquid within the tube at a level below the level of the 
opening. Of course, other liquid conveying apparatus can be used (e.g., an Archimedes- 
screw-type conveyor), following the direction provided herein. The liquid conveyor 
preferably does not extend beyond the distal end of the tube. However, a liquid 
conveyor can be positioned beneath the distal end of the tube (e.g., rotating vanes 
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beneath the distal end of the tube, supported and driven by a rotating shaft extending 
proximally through the tube) such that it draws liquid from within the tube, thereby 
inducing fluid circulation within the vessel as described herein. 

The liquid conveyor can have an air injection apparatus associated with it. By 
way of example, if the liquid conveyor comprises a rotating shaft and an impeller, the 
shaft can have one or more air injection channels therein, wherein each channel 
connects an air source (e.g., the atmosphere or a stored gas such as compressed air or 
purified oxygen) with an air supply orifice that is normally below the surface of liquid in 
the tube. Expulsion of air from the orifice can be induced by rotation of the shaft, by 
pressure from the source, or both. The shaft can further comprise an air injector that is 
in fluid communication with the air injection channel and that is radially disposed (i.e., 
perpendicularly to the axis of the shaft or at an angle of less than 90 degrees from the 
shaft in any direction) from the shaft. Because the outlet of the air injector travels 
through a greater arc than the surface of the shaft, the pressure drop caused by 
passage of the outlet of the air injector through liquid in the tube will be greater than the 
pressure drop caused by passage of an air injection outlet on the surface of the shaft 
through liquid in the tube, resulting in enhanced draw of air into the liquid. The vessel 
can have supplemental mixers, spargers, or other apparatus disposed or extending 
therein in order to improve mixing and aeration of the liquid in the vessel. 

The digester described herein can be connected with a variety of inlet sources 
and outlet receivers by way of liquid conduits. The type, dimensions, and construction of 
the liquid conduits used are not critical. Of course, the type of liquids to be transmitted in 
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the conduit, the temperature at which the digester will be operated, the desired lifetime 
of the conduit, the cost of the materials, and the transportability of the conduit can 
influence the design of the conduits, but, in light of the present disclosure, these 
parameters represent merely normal design choices that are within the ken of the skilled 
engineer. 

A wastewater or sludge supply line can be connected to a liquid inlet of the 
digester in order to deliver wastewater or sludge from a source (e.g., a raw wastewater 
or an effluent from another wastewater treatment apparatus, such as a primary clarifier) 
to the interior of the vessel. The identity and structure of the wastewater or sludge 
supply line are not critical. However, the line should be constructed to accommodate 
anticipated liquid flows and to offer sufficient corrosion resistance to withstand the 
effects of the anticipated wastewater for the desired life of the line. The means by which 
wastewater is delivered through the line is not important. Known liquid delivery methods 
include centrifugal and other mechanical pumps, gravity flow, and air-lift fluid handling 
methods. The choice of fluid convective means can depend on the specific wastewater 
or site characteristics, and, in light of the present disclosure, is simply an ordinary 
engineering design choice. 

In some instances no conduit will be needed for inflow of wastewater, such as 
when the source of the wastewater is an immediately preceding wastewater treatment 
process (e.g., in a common wall multi-cell reactor). The wastewater efflux from the 
preceding process can be fed directly into mixing chamber or transmitted thereto using 
a conduit. 
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The liquid inlet should feed incoming liquid to the lower portion of the vessel, or 
to the interior of the tube. Where an external pump having conduits extending into the 
tube is used, the wastewater inlet can feed incoming wastewater into the pump inlet, so 
that the incoming wastewater is fed to the lower portion of the vessel by way of the tube. 

A treated wastewater effluent line can be connected to the liquid outlet of the 
digester, in order to carry solids free treated wastewater away from the digester (e.g., to 
another treatment apparatus, such as a secondary clarifier or solids thickener). Liquid to 
be withdrawn from the digester vessel should be taken from the upper portion of the 
vessel, preferably from the top of the liquid column in the vessel after allowing the solids 
therein to settle by gravity. In order to minimize entrainment of suspended solids in the 
effluent in this operating mode called the continuous flow mode, one or more baffles can 
be interposed between the liquid outlet and either the distal end of the tube or the lower 
portion of the vessel. These baffles are preferably arranged to inhibit circulation of liquid 
near the liquid outlet in response to any bulk liquid flows in the vessel, thereby 
enhancing settling of any suspended solids from the liquid near the outlet. If the digester 
is fed new wastewater and simultaneously decanted while the liquid conveyor is 
operating, the baffles preferably deflect gas bubbles rising through the liquid away from 
the liquid outlet, so that the bubbles do not carry or impel movement of solids toward the 
.liquid outlet. 

In one embodiment, the liquid outlet is, or is connected with, a decant weir. The 
decant weir comprises a body that contacts the liquid in the vessel and defines a void 
within the body or on one side of the body. The body has a notch (e.g., a rectangular or 
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V-shaped notch), slot, or other depressed portion along its upper surface, so that liquid 
is able to flow to the void through the notch, slot, or depressed portion while being 
repulsed by the remainder of the body. The decant weir serves to ensure that liquid is 
drawn substantially only from the top of the liquid column within the baffled area and 
after solids have settled. The weir can also exclude larger solid particles, reducing their 
uptake into the liquid effluent from the digester. 

The decant weir can be fixedly attached to the vessel (e.g., at a fixed position 
along the wall of the vessel. The decant weir can, alternatively, be permitted to float on 
top of liquid in the vessel or contained within a cage-type apparatus that permits the 
decant weir to move vertically within the apparatus (i.e., either by floating on the liquid 
or as adjusted by an operator). As with the liquid outlet, the decant weir can be in a 
portion of the vessel that is separated from the distal end of the tube, from the lower 
portion of the vessel, or from both, by one or more baffles. The decant weir can be an 
integral part of the vessel (e.g., a notch cut or formed in the side of the vessel to permit 
overflow of liquid therein through the notch). 

The digester can have a solids disposal outlet connected to a solids outlet line, 
for withdrawing settled or suspended solids from the interior of the vessel and providing 
them to a storage tank or another processing apparatus (e.g., to a second digester 
described herein, to an anaerobic digester, to a solids filter, or'to a clarifier). The solids 
disposal outlet is preferably disposed in the lower portion of the vessel, and can be 
situated at a lowered portion (or at the lowest point) of the vessel in order to facilitate 
removal of the densest solid materials first. 
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Although the digester described above with a continuous flow through the decant 
weir can be operated with a constantly-open solids disposal outlet and line, a flow 
regulator preferably is installed In one or both of the solids disposal line and outlet in 
order to modulate flow of liquid and solids suspended in the liquid therethrough. One 
advantage of the digester described herein is that it can produce sludge that is 
significantly more concentrated than can be produced using prior aerobic digestion 
units. Thus, for a given wastewater stream, the digester described herein can often be 
operated for a longer period of time than prior aerobic digesters before solids build to an 
unacceptably high level in the liquid in the vessel. Under many operating schemes, the 
digester described herein will be operated with the solids disposal outlet or line closed 
(i.e., no flow therethrough) while non-digestible sludge accumulates in the vessel (and 
digestible materials are digested). In such operating schemes, the solids disposal outlet 
and line are closed until the level of solids in the digester effluent exceeds a selected 
value. At this point, some, most, or all of the liquid and solids in the vessel is withdrawn 
therefrom by way of the solids disposal outlet and line (optionally after letting the vessel 
contents settle for minutes, hours, or days). Alternatively, the digester can be operated 
in a continuous or semi-continuous fashion by continuously or intermittently withdrawing 
liquid and solids from the vessel by way of the solids disposal outlet and line. 

In one embodiment, the flow regulator is connected with a sensor. The sensor is 
in sensorv communication with the liquid passing through the decant weir, liquid outlet 
or treated wastewater effluent line or. more commohlv. with liquid in the interior of the 
vessel. The sensor is able to detect the solids content of the fluid. The tvpe of sensor 



Application/Control Number: 10/780,719 Page 36 

Art Unit: 1723 

used to assess solids content is not critical. Examples of suitable sensors include 

turbidity sensors (e.g., sensors which assess transmission of light through the fluid) and 
viscosity sensors. 

The sensor can be connected with a display, so as to indicate the solids content 
to an operator or to any known chemical process controller (e.g., proportional, 
proportional-integral or proportional-integral-derivative (P. PL or PIP) type mechanical, 
pneumatic, or electrical controllers), connecting in sianaling communication with the flow 
regulators, meaning that the sensor transmits a signal related to the solids content of 
the sensed liouid to the regulator so that flow through the solids disposal line, decant 
weir, liguid outlet or treated wastewater effluent line can be modulated as desired. 
Typically, a set point value (e.g., 15 to 40 grams of solids per liter of liquid, on a dry 
weight basis, and preferably 20 to 30 grams per liter) is programmed or set for the 
controller and signals from the sensor are compared with the set point signal. Any 
difference between the two signals is communicated by the controller to the flow 
regulators in order to modulate flows through the solids disposal line, decant weir, liquid 
outlet or treated wastewater effluent line can be modulated as desired and bring the 
sensed value closer to the set point value. 

The digester described herein can be used as a stand-alone unit. However, it is 
contemplated that the digester will often be used as a module in a multi-step 
wastewater treatment process, such as that illustrated in FIG. 3. Sludge or liquid 
containing other solids or organic material can be withdrawn from one step in the 
process and fed to the digester in order to reduce the mass and volume of solids. 
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Concentrated sludge can be stored or disposed of, and liquid decanted from the 
digester can be returned to the wastewater process. Furthermore, it is contemplated 
that multiple digester units can be used in series, in parallel, in a cascade, or in a 
reverse cascade in a variety of configurations (e.g., those shown in FIG. 4). When the 
digester is used as a part of a multi-stage wastewater treatment process, liquid and 
solids flow between the stages of the process can be effected by any known means. In 
a preferred embodiment, a single pump is selectably connectable with a variety of liquid 
circuits that interconnect the stages of the process, so that a single pump can provide 
all flows needed in the process. 

The digester described herein can have significant advantages over prior aerobic 
wastewater digestion units, even though it can be operated in substantially the same 
way as prior units. Unlike many prior aerobic digesters, the digesters described herein 
can be operated with varying volumes and produce relatively concentrated residual 
sludge. Basically, the digester is operated by activating the liquid conveyor to effect 
circulation of wastewater containing organic material, etc., in the vessel. The aeration 
and agitation effected by the circulation enhances the ability of microorganisms in the 
vessel to degrade the organic material. 

In one embodiment, the digester described herein is operated at a relatively low 
liquid level (e.g., the vessel containing liquid equal to about 25% or less of the vessel's 
capacity), and is operated while additional wastewater or sludge is added to the vessel. 
The digester can be operated continuously or semi-continuously (with or without 
removal of effluent) until the liquid content of the vessel reaches the capacity of the 
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vessel. Once the vessel is filled, mixing and aeration can be intermittently or periodically 
halted In order to permit settling of solids in the liquid in the vessel (e.g., for a selected 
period of minutes, hours, or days). Mixing and aeration can be restarted thereafter to 
continue digestion. After solids in the vessel liquid have settled (and preferably before 
resuming mixing and aeration), additional sludge or wastewater can be added to the 
vessel (preferably to the lower portion of the vessel), thereby displacing from the vessel 
liquid from which solids have settled. This semi-continuous mode of operation can 
continue until there is little or no liquid that becomes relatively clarified during the 
settling phase of the operation. Once the vessel is filled, or nearly filled, with liquid or 
slurry that cannot be sufficiently clarified by settling, most or all of the liquid or slurry in 
the vessel can be discharged from the vessel (e.g., into a holding tank, a refuse carrier, 
a landfill or a solids dewatering unit). At least a small amount of solids (i.e., including 
microorganisms) can be retained in the vessel, so that microbial degradation is not 
inhibited by a shortfall of degrading organisms and their associated enzymes as the 
filling, digestion, and cyclic aeration and decant processes are repeated. Relatively 
clarified liquid decanted from the vessel while adding wastewater or sludge during or 
after a settling cycle can be returned to another wastewater treatment apparatus, such 
as a fixed-film biological digester or a clarifier. 

In a different embodiment, the digester operates at an increasing liquid level 
therein until the vessel is filled. Operation of the digester then continues until the 
amount of solids in the decanted or withdrawn effluent flowing from the continuous 
decant weir reaches or exceeds a maximum acceptable level. At that time, liquid, solids, 
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or a liquid-solids slurry can be removed from the vessel in order to reduce the solids 
content in the vessel. The digester can be operated during this liquid removal, or 
operation can be discontinued during (or for a selected period of minutes, hours, or 
days before) the liquid removal. At least a small amount of solids (i.e., including 
microorganisms) can be retained in the vessel, so that microbial degradation is not 
inhibited by a shortfall of degrading organisms and their associated enzymes as the 
filling, digestion, and cyclic aeration and decant processes are repeated. 

In another embodiment, the digester is operated in a continuous mode. In this 
mode, wastewater or sludge is fed continuously or intermittently to the digester, and 
effluent is withdrawn or decanted as the liquid content of the vessel exceeds the 
vessel's capacity. Solids (including inorganic and organic material) content of the 
effluent is monitored (manually or automatically), and solids-containing liquid is 
withdrawn from the vessel if the solids content of the effluent is greater than desired. 
Withdrawn solids-liquid slurry can be stored, settled, or filtered prior to disposal of the 
solids, and any liquid filtrate or settling supernatant can be returned to the digester or to 
another component (e.g., a biological reactor) of the wastewater process with which the 
digester is associated. In this continuous mode, the digester can be operated for an 
extended period of time, possibly limited only by the stability or reliability of the 
components. 

The digester can be seeded or supplemented with microorganisms obtained from 
a wastewater, a sludge, or a commercial source for example. Supplementation of the 
microorganisms in the vessel can be desirable at start-up or after flushing liquid from 
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the digester when the solids or organic material content of the digester effluent exceeds 
a desired value. 

Claim Rejections -35 use §103 

10. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or 
described as set forth in section 102 of this title, if the differences between the subject matter 
sought to be patented and the prior art are such that the subject matter as a whole would have 
been obvious at the time the invention was made to a person having ordinary skill in the art to 
which said subject matter pertains. Patentability shall not be negatived by the manner in which 
the invention was made. 

1 1 . This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e). (f) or (g) 
prior art under 35 U.S.C. 103(a). 

12. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
McDowell (US 6,869,534 B2) in view of Yagi et al. (US 3,680,841). 

McDowell discloses the turbidity measuring means but not the recited type set 
forth in claim 7. The patent to Yagi et al. discloses in Fig. 5 a turbidity measuring 
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means having means 101 for directing a beam of liglit through liquid 107 in a container 
104 and means 1 10 for converting the light directed through the liquid into a turbidity 
level. Since McDowell suggests the use of a turbidity measuring means, it would have 
been obvious to one having ordinary skill in the art, at the time applicant's invention was 
made, to have provided McDowell with turbidity measuring means as disclosed by Yagi 
et al. for the purpose of determining the turbidity level of the liquid in the container (col. 
4, line 51 through col. 5, line 41 ). 

13. Claim 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
IVIcDowell (US 6,869,534 B2) in view of Blagg (US 5,951,161). 

The patent to McDowell discloses an apparatus comprising a container 1 for 
receiving solid material and liquid; a turbidimeter 73 for measuring the turbidity of the 
liquid in the container; a blender 41 for stirring the liquid in said container; a controller 
64 for selectively energizing said blender when the turbidity of the liquid in said 
container, as measured by said turbidimeter, drops below a predetemnined level; and, 
a sensor 72 for detecting liquid level in the container a controlling flow of material into 
the inlet of the container as explained above. McDowell does not disclose a valve 
assembly for gauging the level of liquid in said container and admitting liquid into said 
container when the liquid level falls. The patent to Blagg discloses a container 44, a 
blender 56 in the container, and a valve assembly 52, 54 for gauging the level of liquid 
in said container 44 and admitting liquid into said container when the liquid level falls 
through inlet conduit 50. It would have been obvious to one having ordinary skill in the 
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art, at the time applicant's invention was made, to have provided the device of McDowell 
with a valve assembly for gauging the level of liquid in said container and admitting 
liquid into said container when the liquid level falls as taught by Blagg for the purpose of 
controlling the level of the liquid in the container (coL 5, lines 34-63). 

14. Claim 2 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
McDowell (US 6,869,534 B2) in view of Blagg (US 5,951,161) as applied to claim 1 
above, and further in view of Baldelli (US 4,653,568). 

McDowell (US 6,869,534 82) in view of Blagg (US 5.951 .161 ) do not disclose the 
light source. The patent to Baldelli discloses a mixing device having a container 36 and 
a light source 88 in the container. It would have been obvious to one having ordinary 
skill in the art. at the time applicant's invention was made, to have provided the 
container of McDowell (US 6.869,534 B2) in view of Blagg (US 5,951.161) with a light 
source in the container as taught by Baldelli for the purpose of providing sufficient 
illumination within the container such that the interior of the container can be readily 
viewed by an observer (col. 4, line 67 through col. 5, line 4). 

Allowable Subject Matter 

1 5. Claims 3-5 are objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

1 6. Claim 8 is allowable over the prior art of record. 
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Conclusion 



17. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

1 8. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Charles E. Cooley whose telephone number is (571 ) 
272-1 1 39. The examiner can normally be reached on Mon-Fri. All official facsimiles 
should be transmitted to the centralized fax receiving number 571-273-8300. 

1 9. Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status infomiation for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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